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DESCRIPTION 

Information Processing Apparatus, Information Processing 
Method, and Program 

TECHNICAL FIELD 

The present invention relates to an information 
processing apparatus, an information processing method, 
and a program. More particularly, the invention, relates 



to an information processing apparatus as well as to an 
information processing method and a program for use 
therewith, the apparatus being arranged to prevent a drop 
in its processing performance while minimizing power 
dissipation when a frequency-variable synchronizing clock 
signal of the apparatus is lowered in frequency. 

BACKGROUND ART 

Information processing apparatuses typified by data 
processing apparatuses such as CPUs (central processing 
units), DSPs (digital signal processors) and filters, as 
well as buses and data paths for data exchanges perform 
various operations in synchronism with a synchronizing 
clock signal (system clock) . One such information 
processing apparatus designed to carry out a process on a 
plurality of clock pulses include storage devices such as 
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flip-flop circuits that store the results of halfway 
operations making up the process (e.g., refer to Japanese 
Patent Laid-open No. 2002-204224) . 

That type of processing is generally called 
pipeline processing. The above-mentioned flip-flop 
circuits or the like for storing halfway processing 
results constitute what is known as a pipeline. The 
layout of the pipeline is delimited by so-called segments. 

Each of the segments making up the pipeline is 
generally located where operation status is low, or where 
the circuits upstream and downstream of the segment in 
question keep their transition times (i.e., a time period 
that elapses from the time data is input to the circuit 
in question until the input data is processed and output) 
shorter than the cycle of the synchronizing clock signal 
in use. 

Conventionally, when the synchronizing clock signal 
has a variable frequency, the pipeline is most often 
constructed (i.e., segmented) to operate primarily in 
keeping with the highest frequency of the signal. If the 
frequency of the clock signal is reduced, the transition 
time of pipeline circuitry falls far short of the 
synchronizing clock cycle. As a result, with the pipeline 
designed to function best at the highest synchronizing 
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clock frequency, lowered clock frequencies can 
appreciably reduce pipeline functionality. 

In a related-art system architecture where the 
synchronizing clock signal is varied in frequency and 
where the pipeline is designed to operate in keeping with 
the highest clock frequency, drops in the clock frequency 
often lead the entire processing performance of the 
system to deteriorate while power is being consumed 
wastefully, as outlined above. 

Fig. 1 is a block diagram of a related-art 
information processing apparatus 1 operating on a 
pipeline basis. As shown in Fig. 1, the information 
processing apparatus 1 comprises a frequency control 
block 11 and holding blocks 12-1 through 12-4. The 
frequency control block 11 varies the frequency of a 
synchronizing clock signal CLK based on predetermined 
frequency information Infq, and outputs the synchronizing 
clock signal CLK at the varied frequency. Each of the 
holding blocks 12-1 through 12-4 inputs and holds 
predetermined data on detecting a leading or a trailing 
edge of a given clock pulse in the synchronizing clock 
signal CLK from the frequency control block 11, and 
outputs the data held therein when detecting a leading or 
a trailing edge of the next clock pulse. 
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The information processing apparatus 1 also 
includes a signal processing block 13-1 located between 
the holding blocks 12-1 and 12-2, a signal processing 
block 13-2 between the holding blocks 12-2 and 12-3, and 
a signal processing block 13-3 between the holding blocks 

12- 3 and 12-4, The signal processing block 13-1 performs 
a first process on an input signal (i.e., data) and 
outputs the processed signal; the signal processing block 

13- 2 carries out a second process on the input signal 
(data) and outputs the processed signal; and the signal 
processing block 13-3 executes a third process on the 
input signal (data) and outputs the processed signal. 

In other words, a pipeline is formed by the four 
holding blocks 12-1 through 12-4 in the information 
processing apparatus 1. The pipeline is segmented 
immediately upstream and downstream of each of the signal 
processing blocks 13-1 through 13-3. 

How the information processing apparatus 1 works is 
described below with reference to Figs. 2 and 3. 
Described first with reference to Fig. 2 is how the 
information processing apparatus 1 operates when the 
synchronizing clock signal CLK is set for its highest 
frequency . 

In this example, a signal input to the information 

4 



S03P1127 



processing apparatus 1, i.e., a signal entered into the 
holding block 12-1, is illustratively a data string (AO, 
BO, CO, DO) . The four data items constituting the data 
string (AO, BO, CO, DO) are input to the holding block 
12-1 successively, one at a time per clock pulse. 

On a first clock pulse, the data item AO is input 
to and held by the holding block 12-1, as shown in Fig. 2. 

On a second clock pulse, the holding block 12-1 
inputs and holds the data item BO while outputting the 
data item AO concurrently. The data item AO is converted 
into a data item Al after undergoing the first process 
performed by the signal processing block 13-1. The data 
item Al is input to and held by the holding block 12-2 
until a third clock pulse is output. 

On the third clock pulse, the holding block 12-1 
inputs and holds the data item CO while outputting the 
data item BO concurrently. The holding block 12-2 outputs 
the data item Al while concurrently inputting a data item 
Bl derived by the signal processing block 13-1 from the 
data item BO that came from the holding block 12-1. The 
data item Bl is held by the holding block 12-1 until a 
fourth clock pulse is output. The data item Al is 
converted into a data item A2 after undergoing the second 
process performed by the signal processing block 13-2. 
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The data item A2 is input to and held by the holding 
block 12-3 until the fourth clock pulse is output. 

On the fourth clock pulse, the holding block 12-1 
inputs and holds the data item DO while outputting the 
data item CO concurrently. The holding block 12-2 outputs 
the data item Bl while concurrently inputting a data item 
CI derived by the signal processing block 13-1 from the 
data item CO that came from the holding block 12-1. The 
data item CI is held by the holding block 12-1 until a 
fifth clock pulse is output. The holding block 12-3 
outputs the data item A2 while concurrently inputting a 
data item B2 derived by the signal processing block 13-2 
from the data item Bl that came from the holding block 

12- 2. The data item B2 is held by the holding block 12-3 
until the fifth clock pulse is output. The data item A2 
is converted into a data item A3 after undergoing the 
third process performed by the signal processing block 

13- 3. The data item A3 is input to and held by the 
holding block 12-4 until the fifth clock pulse is output. 

On the fifth and subsequent clock pulses, each of 
the holding blocks 12-1 through 12-4 and each of the 
signal processing blocks 13-1 through 13-3 repeat the 
operations described above. As a result, the data item A3 
is output to the outside on the fifth clock pulse, a data 
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item B3 on a sixth clock pulse, a data item C3 on a 
seventh clock pulse, and a data item D3 on an eighth 
clock pulse. 

That is, when the synchronizing clock signal CLK is 
set for its highest frequency, the information processing 
apparatus 1 inputs the data item AO on the first clock 
pulse, and outputs on the fifth clock pulse the data item 
A3 having undergone the processes performed by the signal 
processing blocks 13-1 through 13-3. In this case, the 
time required from the time one data item (one of AO, BO, 
CO, AO) is input to the information processing apparatus 
1 until the input data item is processed and output to 
the outside (as one of A3, B3, C3, D3) is a time Tl, as 
shown in Fig. 2. 

Suppose now that the frequency control block 11, 
based on newly input frequency information Infq, sets the 
synchronizing clock signal CLK for half of its highest 
frequency (indicated in Fig. 2) and outputs the 
synchronizing clock signal CLK at the reduced frequency. 
In this case, the synchronizing clock signal CLK appears 
as depicted in Fig. 3, as opposed to what is shown in Fig. 
2. 

In the case above, the information processing 
apparatus 1 also operates in basically the same way as 
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when the synchronizing clock signal CLK is set for its 
maximum (as indicated in Fig. 2). That is, as illustrated 
in Fig. 3, the information processing apparatus 1 inputs 
the data item AO on the first clock pulse and outputs to 
the outside on the fifth clock pulse the data item A3 
having undergone the processes carried out by the signal 
processing blocks 13-1 through 13-3. 

It should be noted, however, that with the output 
cycle of the synchronizing clock signal CLK now doubled, 
it takes twice as long as the time Tl required from the 
time one data item (one of AO, BO, CO, DO) is input to 
the information processing apparatus 1 until the input 
data item is processed and output to the outside (as one 
of A3, B3, C3, D3) . The time Tl (Fig. 2) at the highest 
clock frequency is now replaced with a time T2 which is 
twice as long as the time Tl. 

The processing time (absolute time) of the 
information processing apparatus 1 at the reduced 
frequency is twice the time it takes when the frequency 
is the highest. In other words, the processing 
performance of the information processing apparatus 1 is 
reduced to half of what it is when the frequency is 
maximized . 

If the reduction in processing performance 
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triggered by the halving of the clock frequency were kept 
less than half of the conventionally observed drop, by 
somehow raising the performance using the same clock 
signal, there would be power savings commensurate with 
the rise in the performance per unit power consumption. 
However, techniques for implementing such an improvement 
have yet to materialize. 

DISCLOSURE OF INVENTION 

The present invention has been made in view of the 
above circumstances and provides arrangements for 
preventing a drop in the processing performance of an 
information processing apparatus while minimizing power 
dissipation when a frequency- variable synchronizing clock 
signal of the apparatus is lowered in frequency. 

In carrying out the invention and according to one 
aspect thereof, there is provided an information 
processing apparatus operating in synchronism with a 
synchronizing clock signal of a predetermined frequency, 
the information processing apparatus comprising: a clock 
outputting element for varying the frequency of the 
synchronizing clock signal in order to output the 
synchronizing clock signal at the varied frequency; a 
holding element for inputting and holding data when the 
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clock outputting element outputs a first clock signal 
pulse, the holding element further outputting the data 
held therein when the clock outputting element outputs a 
second clock signal pulse following the first clock 
signal pulse; a selection command generating element for 
generating a selection command specifying whether or not 
to transfer the data by bypassing the holding element in 
accordance with the frequency of the synchronizing clock 
signal output by the synchronizing clock outputting 
element; and a bypassing element for outputting the data 
by bypassing the holding element if the selection command 
generated by the selection command generating element 
specifies that the data be transferred by bypassing the 
holding element, the bypassing element further outputting 
the data output by the holding element if the selection 
command specifies that the data be transferred without 
bypassing the holding element. 

Preferably, the information processing apparatus 
may further comprise a plurality of groups each made up 
of the holding element and the bypassing element 
connected in that order, the plurality of groups being 
connected in cascaded fashion. 

Preferably, the information processing apparatus 
may further comprise a data processing element for 
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performing a predetermined process on the data; wherein 
the holding element may input, hold, and output the data 
having undergone the process performed by the data 
processing element; and wherein the bypassing element may 
output the data having undergone the process performed by 
the data processing element by bypassing the holding 
element if the selection command specifies that the data 
be transferred by bypassing the holding element, the 
bypassing element further outputting the data which, 
having undergone the process performed by the data 
processing element, was input to, held in, and output by 
the holding element if the selection command specifies 
that the data be transferred without bypassing the 
holding element. 

Preferably, the information processing apparatus 
may further comprise a stop controlling element for 
exercising control to stop processing of the holding 
element if the selection command generated by the 
selection command generating element specifies that the 
data be transferred by bypassing the holding element. 

Preferably, the selection command generating 
element may further generate frequency information 
corresponding to the frequency of the synchronizing clock 
signal output by the synchronizing clock outputting 
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element, before generating the selection command based on 
the generated frequency information. 

Preferably, the selection command generating 
element may further receive frequency information which 
is supplied from an external source and which corresponds 
to the frequency of the synchronizing clock signal output 
by the synchronizing clock outputting element, before 
generating the selection command based on the received 
frequency information . 

According to another aspect of the invention, there 
is provided an information processing method for use with 
an information processing apparatus which operates in 
synchronism with a synchronizing clock signal of a 
predetermined frequency and which comprises a clock 
outputting device, a holding device and a bypassing 
device; wherein the clock outputting device varies the 
frequency of the synchronizing clock signal in order to 
output the synchronizing clock signal at the varied 
frequency; wherein the holding device inputs and holds 
data when the clock outputting device outputs a first 
clock signal pulse, the holding device further outputting 
the data held therein when the clock outputting device 
outputs a second clock signal pulse following the first 
clock signal pulse; and wherein the bypassing device 
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includes a first input block for inputting the data by 
bypassing the holding device, a second input block for 
inputting the data output by the holding device, and an 
output block for outputting the data having been input to 
one of the first input block and the second input block; 
the information processing method comprising the steps 
of: generating a selection command specifying whether or 
not to transfer the data by bypassing the holding device 
in accordance with the frequency of the synchronizing 
clock signal output by the synchronizing clock outputting 
device; and exercising control so as to cause the 
bypassing device to output from the output block the data 
having been input to the first input block if the 
selection command generated in the selection command 
generating step specifies that the data be transferred by 
bypassing the holding device, and further to cause the 
bypassing device to output from the output block the data 
having been input to the second input block if the 
selection command specifies that the data be transferred 
without bypassing the holding device. 

According to a further aspect of the invention, 
there is provided a program for use with a computer for 
controlling an information processing apparatus which 
operates in synchronism with a synchronizing clock signal 
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of a predetermined frequency and which comprises a clock 
outputting device, a holding device and a bypassing 
device; wherein the clock outputting device varies the 
frequency of the synchronizing clock signal in order to 
output the synchronizing clock signal at the varied 
frequency; wherein the holding device inputs and holds 
data when the clock outputting device outputs a first 
clock signal pulse, the holding device further outputting 
the data held therein when the clock outputting device 
outputs a second clock signal pulse following the first 
clock signal pulse; and wherein the bypassing device 
includes a first input block for inputting the data by 
bypassing the holding device, a second input block for 
inputting the data output by the holding device, and an 
output block for outputting the data having been input to 
one of the first input block and the second input block; 
the program causing the computer to carry out the steps 
of: generating a selection command specifying whether or 
not to transfer the data by bypassing the holding device 
in accordance with the frequency of the synchronizing 
clock signal output by the synchronizing clock outputting 
device; and exercising control so as to cause the 
bypassing device to output from the output block the data 
having been input to the first input block if the 
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selection command generated in the selection command 
generating step specifies that the data be transferred by 
bypassing the holding device, and further to cause the 
bypassing device to output from the output block the data 
having been input to the second input block if the 
selection command specifies that the data be transferred 
without bypassing the holding device. 

Where the information processing apparatus, 
information processing method, and program according to 
the invention are in use, a selection command is 
generated on the basis of the frequency of the 
synchronizing clock signal for the apparatus, the command 
specifying whether or not to transfer data by bypassing 
the holding device in the apparatus. If the selection 
command specifies that data be transferred by bypassing 
the holding device, then input data is output by 
bypassing the holding device on a first clock pulse. If 
the selection command specifies that data be transferred 
without bypassing the holding device, the input data is 
first held by the holding device on the first clock pulse 
and then output from the holding device on a second clock 
pulse following the first clock pulse. 

As its input data, the information processing 
apparatus of this invention may either generate its own 
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data or may utilize data supplied from an external source. 
The inventive information processing apparatus is 
arranged to operate on the data of its own generation as 
well as on the externally supplied data. 

The information processing apparatus according to 
the invention may output data to the outside or to a 
device included in the apparatus. The inventive 
information processing apparatus may also output data 
concurrently to the outside as well as to a device within 
the apparatus. Furthermore, the apparatus of the 
invention may output data to a plurality of devices 
inside . 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram showing a typical 
structure of a related-art information processing 
apparatus . 

Fig. 2 is a timing chart explaining how the 
information processing apparatus of Fig. 1 typically 
operates on a synchronizing clock signal set for its 
highest frequency . 

Fig. 3 is a timing chart explaining how the 
information processing apparatus of Fig. 1 typically 
operates on the synchronizing clock signal set for half 
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of its highest frequency. 

Fig. 4 is a block diagram depicting a typical 
structure of an information processing apparatus 
embodying this invention . 

Fig. 5 is an explanatory view of an example in 
which frequency information is encoded when input to a 
frequency control block of the information processing 
apparatus shown in Fig. 4. 

Fig. 6 is an explanatory view of another example in 
which frequency information is encoded when input to the 
frequency control block of the information processing 
apparatus in Fig. 4. 

Fig. 7 is a flowchart of steps carried out by the 
frequency control block of the information processing 
apparatus in Fig. 4. 

Fig. 8 is an explanatory view of selection signals 
generated by a selector control block and mask on/off 
commands generated by a CLK mask control block inside the 
frequency control block of the information processing 
apparatus in Fig. 4. 

Fig. 9 is an explanatory view of other selection 
signals generated by the selector control block and other 
mask on/off commands generated by the CLK mask control 
block inside the frequency control block of the 
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information processing apparatus in Fig. 4. 

Fig. 10 is an explanatory view of other selection 
signals generated by the selector control block and other 
mask on/off commands generated by the CLK mask control 
block inside the frequency control block of the 
information processing apparatus in Fig. 4. 

Fig. 11 is a timing chart explaining how the 
information processing apparatus of Fig. 4 typically 
operates on a synchronizing clock signal set for its 
highest frequency . 

Fig. 12 is a timing chart explaining how the 
information processing apparatus of Fig. 4 typically 
operates on the synchronizing clock signal set for half 
of its highest frequency. 

Fig. 13 is another timing chart explaining how the 
information processing apparatus of Fig. 4 typically 
operates on the synchronizing clock signal set for its 
highest frequency . 

Fig. 14 is a timing chart explaining how the 
information processing apparatus of Fig. 4 otherwise 
operates on the synchronizing clock signal set for half 
of its highest frequency. 

Fig. 15 is a block diagram outlining a typical 
structure of a personal computer that incorporates the 
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information processing apparatus of Fig. 4. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Fig. 4 depicts a typical structure of an 
information processing apparatus 21 embodying this 
invention. As shown in Fig. 4, the pipeline and its 
segments in the inventive information processing 
apparatus 21 are basically the same as those in the 
above-described related-art information processing 
apparatus 1 (Fig. 1). As in the setup of Fig. 1, signal 
processing blocks 13-1 through 13-3 are disposed so that 
they can perform their processes on input data in their 
disposed order. The signal processing blocks 13-1 through 
13-3 each have one of holding blocks 12-1 through 12-4 
located immediately upstream thereof and another holding 
block disposed immediately downstream, the holding blocks 
making up the pipeline and corresponding to those in the 
setup of Fig. 1. (More specifically, the holding block 

12- 1 is disposed upstream of the signal processing block 

13- 1, the holding block 12-2 between the signal 
processing blocks 13-1 and 13-2, the holding block 12-3 
between the blocks 13-2 and 13-3, and the holding block 
12-4 downstream of the block 13-3.) 

The holding blocks 12-1 through 12-4 and the signal 
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processing blocks 13-1 through 13-3 are not limited in 
type as long as they are capable of executing the 
processing described above. For example, whereas flip- 
flop circuits are used to constitute the holding blocks 
12-1 through 12-4 of this embodiment, the blocks may be 
implemented alternatively using synchronous RAMs . 

The number of holding blocks and that of signal 
processing blocks are made the same as those in the 
related-art information processing apparatus 1 (shown in 
Fig. 1) for comparison purposes. However, the block 
counts are not limited to those in the setup of Fig. 4 
(i.e., four holding blocks 12-1 through 12-4 and three 
signal processing blocks 13-1 through 13-3) . There may be 
at least one holding block, and any number of signal 
processing blocks (including the case of no signal 
processing block) may be provided. 

It follows that the information processing 
apparatus 21 may take diverse forms when embodying the 
invention. For example, the information processing 
apparatus 21 may be implemented as a data processor such 
as a CPU, a DSP or a filter. If the signal processing 
blocks 13-1 through 13-3 are not included, the 
information processing apparatus 21 may be formed as a 
bus or data paths for exchanging data. 
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The information processing apparatus 21 comprises 
blocks that are not included in the related-art 
information processing apparatus 1. These blocks specific 
to this embodiment are described below. 

The information processing apparatus 21 has a 
selector block 31-1 which is disposed between the holding 
block 12-1 and the signal processing block 13-1 and which 
comprises a first input block (indicated by "0" on the 
input side) and a second input block (denoted by "1" on 
the input side) . The first input block inputs the same 
signal (data) as that input to the holding block 12-1. 
The second input block inputs the signal (data) output by 
the holding block 12-1. Based on a selection command 
"select A" output by a selector control block 42, to be 
discussed later, the selector block 31-1 selects one of 
the first and the second input blocks to allow the data 
admitted into the selected input block to be output to 
the signal processing block 13-1. 

The selection command "select A" output by the 
selector control block 42, when used as a signal 
specifying whether or not to transfer data by bypassing 
the holding unit 12-1, represents one of two values "0" 
and "1." In this example, the command "0" illustratively 
specifies that data be transferred by bypassing the 
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holding block 12-1; the command "1" illustratively 
specifies that data be passed through the holding block 
12-1 when transferred (i.e., the holding block 12-1 is 
not to be bypassed). Selection commands "select B," 
"select C" and "select D, " to be discussed later, are 
each assigned the same task as well. 

When acquiring the selection command "select A" set 
for "1," the selector block 31-1 causes the holding block 
12-1 to input and hold data on a first clock pulse of the 
synchronizing clock signal CLK and to forward the data 
(i.e., the data input to the second input block indicated 
by "1" in Fig. 4) to the signal processing block 13-1 on 
a second clock pulse following the first clock pulse. 

Given the selection command "select A" set for "0" 
on a first clock pulse of the synchronizing clock signal 
CLK, the selector block 31-1 allows the same data as that 
entering the holding block 12-1 (i.e., the data input to 
the first input block denoted by "0" in Fig. 4) to be 
output unchecked to the signal processing block 13-1. 
That is, when acquiring "0" as the selection command 
"select A," the selector block 31-1 transfers the input 
data to the signal processing block 13-1 by bypassing the 
holding block 12-1. 

The information processing apparatus 21 also 
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includes selector blocks 31-2 through 31-4 having the 
same structure as that of the selector block 31-1. These 
selector blocks 31-2 through 31-4 are disposed downstream 
of the holding blocks 12-2 through 12-4 respectively. 

More specifically, the selector block 31-2 is 
located between the holding block 12-2 and the signal 
processing block 13-2* Given the selection command 
"select B" set for "0" from the selector control block 42, 
to be discussed later, the selector block 31-2 transfers 
input data to the signal processing block 13-2 by 
bypassing the holding block 12-2. Upon receipt of "1" as 
the selection command "select B" from the selector 
control block 42, the selector block 31-2 forwards the 
data output by the holding block 12-2 to the signal 
processing block 13-2. 

Likewise, the selector block 31-3 is disposed 
between the holding block 12-3 and the signal processing 
block 13-3. Given "0" as the selection command "select C" 
from the selector control block 42, the selector block 
31-3 transfers input data to the signal processing block 
13-3 by bypassing the holding block 12-3. On receiving 
"1" as the selection command "select C" from the selector 
control block 42, the selector block 31-3 transfers the 
data output by the holding block 12-3 to the signal 
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processing block 13-3. 

The selector block 31-4 is located downstream of 
the holding block 12-4. Given "0" as the selection 
command "select D" from the selector control block 42, 
the selector block 31-4 transfers input data to the 
outside by bypassing the holding block 12-4. Upon receipt 
of "1" as the selection command "select D" from the 
selector control block 42, the selector block 31-4 
transfers the data output by the holding block 12-4 to 
the outside. 

If any one of the selector blocks 31-1 through 31-4 
causes input data to bypass the corresponding one of the 
holding blocks 12-1 through 12-4, the bypassed holding 
block has no need to execute its function. 

In the information processing apparatus 21, the 
holding blocks 12-1 through 12-4 are furnished with CLK 
mask blocks 32-1 through 32-4 respectively. The supply of 
the synchronizing clock signal CLK to the holding blocks 
12-1 through 12-4 is masked as needed by the 
corresponding CLK mask blocks 32-1 through 32-4. 

More specifically, each of the CLK mask blocks 32-1 
through 32-4 is disposed between a CLK control block 41 
(to be discussed later) outputting the synchronizing 
clock signal CLK on the one hand, and the corresponding 
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one of the holding blocks 12-1 through 12-4 on the other 
hand. The CLK mask blocks 32-1 through 32-4 each exercise 
control either to supply or to mask the synchronizing 
clock signal CLK output by the CLK control block 41 to 
the corresponding holding blocks 12-1 through 12-4 on the 
basis of the content of corresponding mask on/off 
commands "mask A" through "mask D" output by a CLK mask 
control block 43 described later. 

A mask on/off command "mask A" output by a CLK mask 
control block 43, when used as a signal specifying 
whether or not to supply the synchronizing clock signal 
CLK to the holding block 12-1, represents one of two 
values "0" and "1." In this example, the command "1" 
illustratively specifies that the synchronizing clock 
signal CLK be supplied to the holding block 12-1; the 
command "0" illustratively specifies that the supply of 
the synchronizing clock signal CLK to the holding block 
12-1 be masked. Mask on/off commands "mask B," "mask C" 
and "mask D" each are assigned the same task as well. 

As described, the information processing apparatus 
21 is capable of functionally masking any one of the 
holding blocks 12-1 through 12-4 by use of the CLK mask 
blocks 32-1 through 32-4 if the holding block in question 
need not operate. Any one of the holding blocks 12-1 
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through 12-4 , when not in operation, does not consume 
power (or saves on power) . This translates into an 
appreciable power savings for the information processing 
apparatus 21 as a whole. 

If any one of the holding blocks 12-1 through 12-4 
need not perform its function (i.e., if it is bypassed), 
the corresponding one of the CLK mask blocks 32-1 through 
32-4 masks the supply of the synchronizing clock signal 
CLK to the holding block in question. It follows that the 
selection commands ''select A" through "select D" 
correspond in function to the mask on/off commands "mask 
A" through "mask D" respectively. In this example, if the 
selection command is "1," the corresponding mask on/off 
command is "1"; if the selection command is "0," then the 
corresponding mask on/off command is "0." 

Although the mask on/off commands "mask A" through 
"mask D" are each output by the CLK mask control block 43 
in this example, this is not limitative of the invention. 
As another example, when the selector control block 42 
outputs any one of the selection commands "select A" 
through "select D, " the block 42 may also output the 
corresponding one of the mask on/off commands "mask A" 
through "mask D." In other words, the selector control 
block 42 may supply any one of the selector blocks 31-1 
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through 31-4 with the corresponding one of the selection 
commands "select A" through "select D" and, by regarding 
the commands also as representative of the mask on/off 
commands "mask A" through "mask D, " may feed the 
corresponding one of the CLK mask blocks 32-1 through 32- 
4 with the mask on/off command represented by the 
corresponding selection command. 

The information processing apparatus 21 further 
includes a frequency control block 33 constituted by the 
CLK control block 41, selector control block 42, and CLK 
mask control block 43. The CLK control block 41 varies 
the synchronizing clock signal CLK in frequency based on 
externally supplied frequency information Infq and 
outputs the clock signal CLK at the varied frequency (the 
CLK control block 41 corresponds to the related-art 
frequency control block 11 (in Fig. 1)). The selector 
control block 42 generates the selection commands "select 
A" through "select D" based on the frequency of the 
synchronizing clock signal CLK included in the frequency 
information Infq and output by the CLK control block 41, 
and supplies the generated commands to the corresponding 
selector blocks 31-1 through 31-4. The CLK mask control 
block 43 generates the mask on/off commands "mask A" 
through "mask D" and supplies the generated commands to 
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the corresponding CLK mask blocks 32-1 through 32-4. 

The frequency information Infq input to the 
frequency control block 33 may be any information as long 
as it specifies the frequency of the synchronizing clock 
signal CLK to be output by the CLK control block 41. 
Illustratively, the frequency information Infq may be 
represented by data bits that designate frequencies of 
the synchronizing clock signal CLK. Alternatively, the 
frequency information Infq may denote the current 
frequency of the synchronizing clock signal CLK. As 
another alternative, the frequency information Infq may 
represent the next clock frequency ahead of changes in 
the current frequency of the synchronizing clock signal 
CLK. As yet another alternative, the frequency 
information Infq may be a signal that merely denotes 
changing points of frequency. The frequency information 
Infq is not limited to the next clock frequency of an 
upcoming synchronizing clock signal CLK; the information 
may designate the frequency to be in effect a 
predetermined number of clock cycles later. 

Conceivably, there may be a number of methods for 
designating frequencies of the synchronizing clock signal 
CLK. In this example, encoded information is utilized as 
the frequency information Infq that is decoded when used. 
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Figs. 5 and 6 show two encoding methods in tabular 
form. These methods are obviously not limitative of the 
invention and may be replaced by other encoding methods . 

The encoding method shown in Fig. 5 involves 
assigning two-bit data to each of varied frequencies of 
the synchronizing clock signal CLK. In the example of Fig. 
5, two-bit data "00" is assigned to a clock signal (CLK) 
frequency of 10 MHz , "01" to 33 MHz, "10" to 50 MHz , and 
"11" to 100 MHz. Even if the synchronizing clock signal 
CLK is varied tenfold, illustratively from 10 MHz to 100 
MHz, the data length remains two bits. This method has 
the advantage of permitting processing without resorting 
to complicated decoding steps or complex circuit 
arrangements . 

The decoding method indicated in Fig. 6 involves 
assigning data denoting the inverse of varied frequencies 
of the synchronizing clock signal CLK. The inverse of a 
given frequency of the synchronizing clock signal CLK 
corresponds to one clock cycle of that frequency. In the 
example of Fig. 6, a data value of "10" is assigned to a 
synchronizing clock signal (CLK) frequency of 10 MHz, 
data value of "3" to 33 MHz, "2" to 50 MHz, and "1" to 
100 MHz. These data values each correspond to one clock 
cycle of a given frequency, so that they may each 
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constitute a waiting time through a simple multiplication. 
More specif ically, the frequencies of 10 MHz, 33 MHz, 50 
MHz , and 100 MHz of the synchronizing clock signal CLK 
correspond to clock cycles of 100 ns, 30 ns, 20 ns, and 
10 ns . These clock cycles are readily calculated by 
simply multiplying the above-mentioned data values of 10, 
3, 2 and 1 by 10 ns respectively. 

In the example of Fig. 4, the frequency information 
Infq is shown supplied from outside the information 
processing apparatus 21. However, this is not limitative 
of the invention. Alternatively, the frequency control 
block 33 may generate the frequency information Infq on 
its own. 

In the example of Fig. 4, the selector control 
block 42 generates the selection commands "select A" 
through "select D" and the CLK mask control block 43 
generates the mask on/off commands "mask A" through "mask 
D," the two blocks generating their commands on the basis 
of the frequency information Infq. Alternatively, the 
selector control block 42 and CLK mask control block 43 
may generate their commands based on information which 
differs from the frequency information Infq and which is 
input from the outside. 

How the frequency control block 33 of Fig. 4 
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operates will now be described with reference to the 
flowchart of Fig. 7. 

In step SI, the CLK control block 41 in the 
frequency control block 33 outputs a synchronizing clock 
signal CLK of a predetermined frequency. 

In step S2, the frequency control block 33 
determines whether frequency information Infq is input. 

If in step S2 the frequency information Infq is not 
found input, the frequency control block 31 returns to 
step SI and repeats the subsequent steps. That is, the 
CLK control block 41 in the frequency control block 31 
keeps outputting the synchronizing clock signal CLK of 
the predetermined frequency until the frequency 
information Infq is input. 

If in step S2 the frequency information Infq is 
found input, the frequency control block 31 goes to step 
S3. In step S3, the frequency control block 31 determines 
whether the information is a command specifying an 
increase of the frequency. 

More specifically, if the frequency contained in 
the frequency information Infq (in this example, the 
frequency is obtained by decoding the frequency 
information Infq shown in Fig. 5 or 6 discussed above) is 
found higher than the frequency of the currently output 
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synchronizing clock signal CLK, then the frequency 
control block 31 recognizes the command that specifies an 
increase of the frequency in step S3. 

If the frequency in the frequency information Infq 
is found equal to or lower than the frequency of the 
currently output synchronizing clock signal CLK, the 
frequency control block 31 in step S3 does not recognize 
the command specifying an increase of the frequency. 

If in step S3 the frequency in the frequency 
information Infq turns out to be the command specifying 
an increase of the frequency, the frequency control block 
33 goes to step S4 . In step S4, the frequency control 
block 33 closes the paths in the information processing 
apparatus 21. Specifically, the frequency control block 
33 allows all data held in the holding blocks 12-1 
through 12-4 to be output to the outside (i.e., from the 
selector block 31-4), before stopping temporarily the 
data transfers between the holding block 12-1 and the 
selector block 31-4. 

In step S5, the selector control block 42 in the 
frequency control block 33 generates selection commands 
"select A" through "select D" on the basis of the 
frequency corresponding to the frequency information Infq 
input in step S2 (the frequency is acquired by decoding 
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the frequency information Infq) . 

In step S6, the selector control block 42 switches 
inputs in the selector blocks 31-1 through 31-4 based 
respectively on the selection commands "select A" through 
"select D" generated in step S5. 

More specifically, suppose that the frequency 
corresponding to the frequency information Infq input in 
step S2 is the highest frequency and that the information 
is found to be a command specifying an increase of the 
frequency in step S3. In that case, the frequency control 
block 33 determines that none of the holding blocks 12-1 
through 12-4 will be bypassed as indicated in Fig. 8 
(i.e., data is arranged to pass through all the holding 
blocks 12-1 through 12-4) . 

It should be noted that in Figs. 8, 9 and 10 (to be 
discussed later) , a circle symbol (o) indicates that one 
of the holding blocks 12-1 through 12-4 which is denoted 
by that symbol in the figure is not to be bypassed (i.e., 
the input data is arranged to pass through the holding 
block in question) . By contrast, a cross symbol (X) 
indicates that one of the holding blocks 12-1 through 12- 
4 which is designated by that symbol in the figure is to 
be bypassed (i.e., the input data is not allowed to pass 
through the holding block in question) . 
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The selector control block 42, as shown in Fig. 8, 
sets all selection commands "select A" through "select D" 
for "1" in step S5 (i.e., to generate "1") . In step S6, 
the selector control block 42 transmits the selection 
commands each set for "1" to the selector blocks 31-1 
through 31-4 respectively. 

The selector blocks 31-1 through 31-4 receive the 
corresponding selection commands "select A" through 
"select D" as described above. In this case, the received 
selection commands each set for "1" cause the selector 
blocks 31-1 through 31-4 to change their settings so as 
to receive as their inputs the outputs from the 
corresponding holding blocks 12-1 through 12-4 disposed 
immediately upstream (i.e., the second input block 
indicated by "1" in Fig. 4 is switched for the input). 

At this point, as shown in Fig. 8, the CLK mask 
control block 43 sets all mask on/off commands "mask A" 
through "mask D" for "1" (i.e., to generate "1") in 
keeping with the selection commands "select A" through 
"select D," and supplies the generated mask on/off 
commands to the corresponding CLK mask blocks 32-1 
through 32-4 . 

The CLK mask blocks 32-1 through 32-4 receive the 
corresponding mask on/off commands "mask A" through "mask 
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D" as described above. In this case, the received mask 
on/off commands each set for "1" cause the CLK mask 
blocks 32-1 through 32-4 to let the synchronizing clock 
signal CLK from the CLK control block 41 be supplied to 
the corresponding holding blocks 12-1 through 12-4. 

In step S7 back in Fig. 7, the frequency control 
block 33 reopens the paths of the information processing 
apparatus 21. In step S8, the frequency control block 33 
raises the frequency of the synchronizing clock signal 
CLK to the level of frequency corresponding to the 
frequency information Infq input in step S2 (the 
frequency level is obtained by decoding the frequency 
information Infq) . 

In step S15, the frequency control block 33 
determines whether an end to the processing is designated. 
If in step S15 an end to the processing is found 
designated, the frequency control block 33 terminates its 
function . 

If in step S15 an end to the processing is not 
found designated, the frequency control block 33 returns 
to step SI and repeats the subsequent steps. 

That is, the CLK control block 41 keeps outputting 
the synchronizing clock signal CLK at the frequency 
varied (i.e., raised) in the preceding step S8 (in this 
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case, the signal is set for its highest frequency) until 
the next frequency information Infq is input. 

In that state, suppose that new frequency 
information Infq in which the highest frequency is 
encoded is input to the frequency control block 33. In 
this case, with the CLK control block 41 already 
outputting the synchronizing clock signal CLK at its 
highest frequency, the frequency control block 33 
determines that the frequency information Infq is input 
in step S2 and that the information does not constitute a 
command specifying an increase of the frequency in step 
S3. In step S9, the frequency control block 33 finds that 
the information does not constitute a command designating 
a decrease of the frequency. Thereafter, the frequency 
control block 33 returns to step SI and repeats the 
subsequent steps. That is, the CLK control block 41 keeps 
outputting the synchronizing clock signal CLK at its 
highest frequency until the next frequency information 
Infq is input. 

In that state, suppose that new frequency 
information Infq in which half of the highest frequency 
is encoded is input to the frequency control block 33. In 
this case, the frequency control block 33 determines that 
the frequency information Infq is input in step S2, that 
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the information does not constitute a command specifying 
an increase of the frequency in step S3, and that the 
information makes up a command designating a decrease of 
the frequency in step S9. 

In step S10, as in step S4 above, the frequency 
control b.lock 33 closes the paths of the information 
processing apparatus 21. 

In step Sll, as in step S5 above, the selector 
control block 42 in the frequency control block 33 
generates the selection commands "select A" through 
"select D" based on the frequency (i.e., half of the 
highest frequency obtained by decoding the frequency 
information Infq) corresponding to the frequency 
information Infq input in step S2 . 

In step S12, as in step S6 above, the selector 
control block 42 switches the inputs in the selector 
blocks 31-1 through 31-4 based respectively on the 
selection commands "select A" through "select D" 
generated in step Sll. 

For example, suppose that the frequency control 
block 33, as shown in Fig. 9, determines that the holding 
block 12-2 alone is to be bypassed (i.e., input data is 
not allowed to pass through the holding block 12-2) and 
that the other holding blocks 12-1, 12-3 and 12-4 are not 
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to be bypassed (i.e., input data is arranged to pass 
through the holding blocks 12-1, 12-3 and 12-4) . 

In that case, as shown in Fig. 9, the selector 
control block 42 sets the selection command "select B" 
for "0" (to generate "0") in step Sll and sends the 
command "0" to the selector block 31-2 in step S12. Upon 
receipt of the selection command "select B" set for "0," 
as described, the selector block 31-2 changes its 
settings so as to receive as its input the output from 
the signal processing block 13-1 (by bypassing the 
holding block 12-2) . That is, the selector block 31-2 
changes its settings so that the first input block 
indicated by "0" in Fig. 4 is switched for the input. 

Meanwhile, the selector control block 42 sets the 
selection commands "select A, " "select C" and "select D" 
for "1" each (to generate "1") in step Sll, and transmits 
the commands to the selector blocks 31-1, 31-3 and 31-4 
respectively in step S12. 

As described, the received selection commands 
"select A," "select C" and "select D" each set for "1" 
cause the corresponding selector blocks 31-1, 31-3 and 
31-4 to switch their settings so as to receive as their 
inputs the outputs from the corresponding holding blocks 
12-1, 12-3 and 12-4 (i.e., the second input block 
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indicated by "1" in Fig. 4 is switched for the input). 

At this point, as shown in Fig. 9, the CLK mask 
control block 43 sets (i.e. ,• generates) the mask on/off 
command "mask A" for "1," "mask B" for "0," "mask C" for 
"1," and "mask D" for "1" in accordance with the 
respective selection commands "select A" through "select 
D, " and supplies the generated commands to the 
corresponding CLK mask blocks 32-1 through 32-4. 

As described above, the CLK mask block 32-2 upon 
receipt of the mask on/off command "mask B" set for "0" 
exercises control to mask the supply of the synchronizing 
clock signal CLK from the CLK control block 41 to the 
holding block 12-2. 

Meanwhile, the CLK mask blocks 32-1, 32-3 and 32-4 
on receiving respectively the mask on/off commands "mask 
A, " "mask C" and "mask D" each set for "1" exercise 
control to let the synchronizing clock signal CLK from 
the CLK control block 41 be supplied to the corresponding 
holding blocks 12-1, 12-3 and 12-4. 

As another example, suppose that the frequency 
control block 33, as shown in Fig. 10, determines that 
the holding blocks 12-2 and 12-3 are to be bypassed (i.e., 
input data is not allowed to pass through the holding 
blocks 12-2 and 12-3) and that the other holding blocks 
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12-1 and 12-4 are not to be bypassed (i.e., input data is 
allowed to pass through the holding blocks 12-1 and 12-4). 

In that case, as shown in Fig. 10, the selector 
control block 42 sets the selection commands "select B" 
and "select C" for "0" each (to generate "0") in step Sll, 
and sends the generated commands to the selector blocks 
31-2 and 31-3 in step S12. Upon receipt of the selection 
commands "select B" and "select C" set for "0" each, as 
described, the selector blocks 31-2 and 31-3 change their 
settings so as to receive as their inputs the outputs 
from the signal processing blocks 13-1 and 13-2 (by 
bypassing the holding blocks 12-1 and 12-2). That is, the 
selector blocks 31-2 and 31-3 change their settings in 
such a manner that the first input block indicated by "0" 
in Fig. 4 is switched for the input. 

Meanwhile, the selector control block 42 sets the 
selection commands "select A" and "select D" for "1" each 
(to generate "1") , and transmits the commands to the 
selector blocks 31-1 and 31-4. 

As described, the received selection commands 
"select A" and "select D" each set for "1" cause the 
corresponding selector blocks 31-1 and 31-4 to switch 
their settings so as to receive as their inputs the 
outputs from the corresponding holding blocks 12-1 and 
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12-4 (i.e., the second input block indicated by "1" in 
Fig. 4 is switched for the input) . 

At this point, as shown in Fig. 10, the CLK mask 
control block 43 sets (i.e., generates), in accordance 
with the respective selection commands "select A" through 
"select D," the mask on/off command "mask A" for "1," 
"mask B" for "0," "mask C" for "0," and "mask D" for "1," 
and supplies the generated commands to the corresponding 
CLK mask blocks 32-1 through 32-4. 

As described above, the CLK mask blocks 32-2 and 
32-3 upon receipt of the mask on/off commands "mask B" 
and "mask C" set for "0" each exercise control to mask 
the supply of the synchronizing clock signal CLK from the 
CLK control block 41 to the corresponding holding blocks 
12-2 and 12-3. 

In the meantime, the CLK mask blocks 32-1 and 32-4 
when receiving respectively the mask on/off commands 
"mask A" and "mask D" each set for "1" exercise control 
to let the synchronizing clock signal CLK from the CLK 
control block 41 be supplied to the corresponding holding 
blocks 12-1 and 12-4. 

In step S13 back in Fig. 7, as in step S7 above, 
the frequency control block 33 reopens the paths of the 
information processing apparatus 21. In step S14, the 
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frequency control block 33 lowers the frequency of the 
synchronizing clock signal CLK to the level of frequency 
corresponding to the frequency information Infq input in 
step S2 (the frequency level is acquired by decoding the 
frequency information Infq) . 

In step S15, the frequency control block 33 
determines whether an end to the processing is designated 
as described. If in step S15 an end to the processing is 
not found designated, the frequency control block 33 
returns to step SI and repeats the subsequent steps. 

That is, the CLK control block 41 keeps outputting 
the synchronizing clock signal CLK at the frequency 
varied (i.e., lowered) in the preceding step S14 (in this 
case, the signal is set for half of its highest 
frequency) until the next frequency information Infq is 
input . 

If in step S15 an end to the processing is found 
designated, the frequency control block 33 terminates its 
function as mentioned above. 

Of the series of steps discussed above, steps S4 
through S8 following the determination that the frequency 
information constitutes a command designating an increase 
of the signal frequency ("YES" in step S3) need to be 
carried out in the order described. By contrast, steps 
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S10 through S14 subsequent to the determination that the 
frequency information makes up a command specifying a 
decrease of the signal frequency ("YES" in step S9) need 
not be performed exactly in the order described. For 
example, steps S10 through S13 may be carried out 
independently of step S14. 

How the information processing apparatus 21 in Fig. 
4 works as a whole will now be described with reference 
to Figs. 11 through 14. In the description that follows, 
it is assumed that as with the above-described related- 
art information processing apparatus 1 (Fig. 1), the 
signal to be input to the information processing 
apparatus 21 (i.e., signal to be input to the holding 
block 12-1) is a data string (AO, BO, CO, DO) and that 
the four data items constituting the data string (AO, BO, 
CO, DO) are input to the holding block 12-1 successively, 
one at a time per clock pulse, as shown in Figs. 2 and 3. 

For example, suppose that the frequency control 
block 33 carries out steps SI through S15 in Fig. 7 while 
outputting the synchronizing clock signal CLK set for its 
highest frequency. In that case, as discussed above with 
reference Fig. 8, none of the holding blocks 12-1 through 
12-4 will be bypassed (i.e., data is arranged to pass 
through all the holding blocks 12-1 through 12-4) . That 
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is, the information processing apparatus 21 operates as 
depicted in Fig. 11. Comparing Fig. 11 with Fig. 2 shows 
clearly that the workings of the information processing 
apparatus 21 (Fig. 11) in effect when the synchronizing 
clock signal CLK is output at its highest frequency are 
basically the same as the workings of the related-art 
information processing apparatus 1 with the synchronizing 
clock signal CLK output at its highest frequency in Fig. 
2. Thus the workings of the information processing 
apparatus 21 with the synchronizing clock signal CLK 
output at its maximum in frequency will not be discussed 
further . 

Suppose now that with the above state in effect, 
new frequency information Infq in which half of the 
highest frequency is encoded is input to the frequency 
control block 33 and that steps SI through S15 in Fig. 7 
are performed in order to output the synchronizing clock 
signal CLK set for half of its highest frequency. It is 
assumed here that the holding block 12-2 alone is set to 
be bypassed (i.e., data is not allowed to pass through 
the holding block 12-2) as indicated in Fig. 9. 

In that case, the information processing apparatus 
21 works illustratively as shown in Fig. 12. Specifically, 
on a first clock pulse, the data item AO is input to and 
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held by the holding block 12-1. 

On a second clock pulse, the holding block 12-1 
inputs and holds the data item BO while outputting the 
data item AO concurrently. The data item AO is allowed to 
pass through the selector block 31-1 and is converted 
into the data item Al after undergoing the first process 
performed by the signal processing block 13-1. The data 
item Al is arranged to bypass the holding block 12-2 
(i.e., the data item is not allowed to pass through the 
holding block 12-2) so as to pass through the selector 
block 31-2 unchecked. The data item Al is further 
converted into the data item A2 after undergoing the 
second process performed by the signal processing block 
13-2. The data item A2 is input to and held by the 
holding block 12-3 until a third clock pulse is output. 
The holding block 12-2 does not hold the data item Al 
because the block 12-2 is not supplied with the 
synchronizing clock signal CLK (i.e., the supply of the 
clock signal is masked by the CLK mask block 32-2). 

On the third clock pulse, the holding block 12-1 
inputs and holds the data item CO while outputting the 
data item BO concurrently. The holding block 12-3 outputs 
the data item A2 . Until a fourth clock pulse is output, 
the data item BO output from the holding block 12-1 is 
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allowed to pass through the selector block 31-1 and 
converted into the data item Bl by the signal processing 
block 13-1. The data item Bl is arranged to bypass the 
holding block 12-2 (i.e., the data is not allowed to pass 
through the holding block 12-2) so as to pass through the 
selector block 31-2 and converted into the data item B2 
by the signal processing block 13-2. The data item B2 is 
then input to and held by the holding block 12-3. The 
data item A2 is allowed to pass through the selector 
block 31-3 and converted into the data item A3 by the 
signal processing block 13-3 carrying out the third 
process. The data item A3 is input to and held by the 
holding block 12-4 until the fourth clock pulse is output. 

On the fourth and subsequent clock pulses, each of 
the holding blocks 12-1, 12-3 and 12-4 and each of the 
signal processing blocks 13-1 through 13-3 repeat the 
operations described above. As a result, the data item A3 
is output to the outside on the fourth clock pulse, a 
data item B3 is output (not shown) on a fifth clock pulse, 
a data item C3 on a sixth clock pulse, and a data item D3 
on a seventh clock pulse. 

That is, when the synchronizing clock signal CLK is 
set for half of its highest frequency and when the 
holding block 12-2 is bypassed, the information 
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processing apparatus 21 inputs the data item AO on the 
first clock pulse, and outputs to the outside on the 
fourth clock pulse the data item A3 having undergone the 
processes carried out by the signal processing blocks 13- 
1 through 13-3. 

As described earlier (with reference to Fig. 3), 
the related-art information processing apparatus 1 
operating on the synchronizing clock signal CLK at half 
of its highest frequency does not bypass any of the 
holding blocks 12-1 through 12-4 (i.e., input data is 
arranged to pass through all holding blocks 12-1 through 
12-4) when transferring data. For that reason, the data 
item AO input on the first clock pulse is converted into 
the data item A3 and output to the outside on the fifth 
clock pulse. 

By contrast, as described above (with reference to 
Fig. 12), the information processing apparatus 21 
operating on the synchronizing clock signal CLK at half 
of its highest frequency bypasses one holding block 12-1 
when transferring data in the above example. Consequently, 
the data item AO input on the first clock pulse is 
converted into the data item A3 and output to the outside 
by the inventive apparatus 21 on the fourth clock pulse, 
one clock pulse earlier than by the related-art apparatus 
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1. 

As a result, whereas the related-art information 
processing apparatus 1 (Fig. 1) when processing input 
data on the synchronizing clock signal CLK at half of its 
highest frequency takes twice as long as the processing 
time Tl at the highest frequency (= 2T1) , the inventive 
information processing apparatus 21 (Fig. 4) operating on 
the same clock signal takes one and a half times T3 the 
processing time Tl at the highest frequency (i.e., T3 = 
1.5T1). This amounts to a significant savings in 
processing time. 

When the frequency of the synchronizing clock 
signal CLK is lowered, the information processing 
apparatus 21 of this invention manages the resulting 
decline in performance better than the related-art 
information processing apparatus 1, thus maintaining a 
relatively high level of processing capability at reduced 
clock signal frequencies. In other words, the inventive 
information processing apparatus 21 operating on the 
synchronizing clock signal CLK at reduced frequencies 
provides higher performance than its related-art 
counterpart 1 . 

The holding block 12-2, when bypassed, stops its 
function because the synchronizing clock signal CLK is 
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cut off (i.e., the signal is masked by the CLK mask block 
32-2). That means the power dissipation by the holding 
block 12-2 is reduced. In other words, the inventive 
information processing apparatus 21 operating on the 
synchronizing clock signal CLK at reduced frequencies 
consumes less power than its related-art counterpart 1. 

As described, each of the selection signals "select 
A" through "select D" functions independently. This makes 
it possible to determine whether or not to bypass any of 
the holding blocks 12-1 through 12-4 independently of one 
another. It follows that with the information processing 
apparatus 21, the number of holding blocks 12-1 through 
12-4 to be bypassed or the identities of the bypassed 
blocks are not limited as long as the bypassing is 
executable per clock pulse; any number of holding blocks 
or their identities may be selected as desired. 

In order to boost the performance of the 
information processing apparatus 21 and to reduce its 
power dissipation, what is needed is simply to increase 
the number of holding blocks 12-1 through 12-4 to be 
bypassed as long as the bypassing is feasible per clock 
pulse . 

In the preceding example, the workings of the 
information processing apparatus 21 were described on the 
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assumption that the synchronizing clock signal CLK is 
output at half of its highest frequency and that the 
holding block 12-2 alone is bypassed (i.e., data is not 
allowed to pass through the holding block 12-2) . 

In another example, it is possible further to boost 
the performance of the information processing apparatus 
21 and to reduce its power dissipation by bypassing two 
holding blocks 12-2 and 12-3 (i.e., data is not allowed 
to pass through the holding blocks 12-2 and 12-3), with 
the synchronizing clock signal CLK output at half of its 
highest frequency as described above (with reference to 
Fig. 10) . 

Fig. 14 illustrates the workings of the information 
processing apparatus 21 in effect when the two holding 
blocks 12-2 and 12-3 are bypassed with the synchronizing 
clock signal CLK output at half of its highest frequency. 
Fig. 13, identical to Fig. 11 (Fig. 2) in content, 
depicts for comparison purposes the workings of the 
information processing apparatus 21 in effect when the 
synchronizing clock signal CLK is output at its highest 
frequency. 

On a first clock pulse as shown in Fig. 14, the 
data item AO is input to and held by the holding block 
12-1. 
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On a second clock pulse, the data item BO is input 
to and held by the holding block 12-1 which outputs the 
data item AO concurrently. 

The data item AO is arranged to pass through the 
selector block 31-1 and converted into the data item Al 
by the signal processing block 13-1 performing the first 
process. The data item Al is arranged to bypass the 
holding block 12-2 (i.e., data is not allowed to pass 
through the holding block 12-2) and to pass through the 
selector block 31-2 unchecked. The data item Al is 
converted into the data item A2 by the signal processing 
block 13-2 carrying out the second process. The data item 
A2 is arranged to bypass the holding block 12-3 (i.e., 
data is not allowed to pass through the holding block 12- 
3) and to pass through the selector block 31-3 unchecked. 
The data item A2 is then converted into the data item A3 
by the signal processing block 13-3 carrying out the 
third process. The data item A2 is then input to and held 
by the holding block 12-4 until a third clock pulse is 
output . 

The holding blocks 12-2 and 12-3 do not hold the 
data item Al or A2 because they are not supplied with the 
synchronizing clock signal CLK (i.e., supply of the 
signal to the two blocks is masked by the CLK mask blocks 



S03P1127 



32-2 and 32-3 respectively) . 

On the third and subsequent clock pulses, each of 
the holding blocks 12-1 and 12-4 and each of the signal 
processing blocks 13-1 through 13-3 repeat the operations 
described above. As a result, the data item A3 is output 
to the outside on the third clock pulse, the data item B3 
is output on a fourth clock pulse (not shown) , a data 
item C3 on a fifth clock pulse, and a data item D3 on a 
sixth clock pulse. 

That is, when the synchronizing clock signal CLK is 
set for half of its highest frequency and when the 
holding blocks 12-2 and 12-3 are bypassed, the 
information processing apparatus 21 inputs the data item 
AO on the first clock pulse and outputs to the outside on 
the third clock pulse the data item A3 having undergone 
the processes carried out by the signal processing blocks 
13-1 through 13-3. 

As described earlier (with reference to Fig. 12), 
when the information processing apparatus 21 operates on 
the synchronizing clock signal CLK at half of its highest 
frequency and bypasses the holding block 12-2 alone, the 
data item AO input on the first clock is converted into 
the data item A3 and output to the outside on the fourth 
clock pulse. 
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By contrast, in the preceding example (described 
with reference to Fig. 14), the information processing 
apparatus 21 operating on the synchronizing clock signal 
CLK at half of its highest frequency bypasses the two 
holding blocks 12-2 and 12-3, In this case, the data item 
AO input on the first clock pulse is converted into the 
data item A3 and output to the outside on the third clock 
pulse, one clock pulse earlier than with only one holding 
block 12-2 bypassed. 

The information processing apparatus 21, when 
bypassing the holding block 12-2 alone and operating on 
the synchronizing clock signal CLK at half of its highest 
frequency, takes one and a half times the processing time 
Tl at the highest frequency (= 1.5T1), as shown in Fig. 
12. On the other hand, the apparatus 21 when bypassing 
the two holding blocks 12-2 and 12-3 and operating on the 
same clock signal takes the same time T4 as the 
processing time Tl in effect when the apparatus 21 
operates at the highest frequency (i.e., T4 = Tl), as 
depicted in Fig. 14. This amounts to a further savings in 
processing time. 

Because the holding block 12-3 is arranged to stop 
its function in addition to the already halted holding 
block 12-2, the savings in power by the inactive holding 
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block 12-2 is supplemented by the economies achieved by 
the inoperative holding block 12-3. In other words, the 
power dissipation of the information processing apparatus 
21 is reduced further (i.e., lowered). 

The series of steps and processes described above 
may be executed either by hardware or by software. In 
either case, the holding blocks 12-1 through 12-4, 
selector blocks 31-1 through 31-4, and signal processing 
blocks 13-1 through 13-3 may be implemented 
illustratively by a CPU (central processing unit) 61 of a 
personal computer 51 shown in Fig. 15. If the signal 
processing blocks 13-1 through 13-3 are omitted, then the 
holding blocks 12-1 through 12-4 and selector blocks 31-1 
through 31-4 in the information processing apparatus 21 
of Fig. 4 may be implemented illustratively in the form 
of a bus 64 or an input/output interface 65 of the 
personal computer 51. 

Referring to Fig. 15, the CPU 61 carries out 
diverse processes in accordance with programs stored in a 
ROM (read only memory) 62 or with programs loaded into a 
RAM (random access memory) 63 from a storage unit 68. The 
RAM 63 may also accommodate data needed by the CPU 61 in 
executing its processes. 

The programs to be performed by the CPU 61 
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illustratively include modules corresponding to the 
frequency control block 33 and CLK mask blocks 32-1 
through 32-4 in Fig. 4. Each of these modules is given an 
independent algorithm and operates in keeping therewith. 
The modules are each read out and executed by the CPU 61 
as needed. 

The CPU 61, ROM 62, and RAM 63 are interconnected 
by the bus 64. The input/output interface 65 is also 
connected to the bus 64 . 

The input/output interface 65 is connected with an 
input unit 66 illustratively made up of a keyboard, an 
output unit 67 typically composed of a display device, 
the storage unit 68 usually comprising a hard disk drive, 
and a communication unit 69 for performing communications 
with other apparatuses (not shown) via a network (not 
shown) such as the Internet. 

The input/output interface 65 is further connected 
as needed with a drive 70 into which is loaded a 
removable recording medium 71 such as a magnetic disk, an 
optical disk, a magneto-optical disk, or a semiconductor 
memory. Computer programs retrieved from the medium 71 by 
the drive 70 are installed as needed into the storage 
unit 68 . 

The programs constituting the series' of steps and 
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processes described above are installed over the network 
or from a storage medium. As shown in Fig. 15, the 
storage medium is offered to the user apart from the 
apparatus not only as the removable recording medium 
(package medium) 71 such as magnetic disks (including 
floppy disks) , optical disks (including CD-ROM (compact 
disk-read only memory) and DVD (digital versatile disk) ) , 
magneto-optical disks (including MD (Mini-Disk) ) , or 
semiconductor memories which contain the programs and 
which are loaded into the drive 70 for use; but also in 
the form of the ROM 62, the hard disk drive in the 
storage unit 68 or the like which is incorporated 
beforehand in the apparatus and which carries the 
programs . 

In this description, the steps constituting the 
series of processes described above represent not only 
the processes that are to be carried out in the depicted 
sequence (i.e., on a time series basis) but also 
processes that may be performed parallelly or 
individually . 

INDUSTRIAL APPLICABILITY 

As described and according to the invention, the 
frequency of the synchronizing clock signal for use with 
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the information processing apparatus is allowed to vary. 
In particular, when the signal frequency is reduced from 
its highest level, the resulting drop in the performance 
of the apparatus is minimized and its power dissipation 
is lessened. 
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